Two binding modes in Escherichia coli single strand binding protein-single stranded DNA complexes. Modulation by NaCl concentration.
The binding properties of the Escherichia coli encoded single strand binding protein (SSB) to a variety of synthetic homopolynucleotides, as well as to single stranded M13 DNA, have been examined as a function of the NaCl concentration (25.0 degrees C, pH 8.1). Quenching of the intrinsic tryptophan fluorescence of the SSB protein by the nucleic acid is used to monitor binding. We find that the site size (n) for binding of SSB to all single stranded nucleic acids is quite dependent on the NaCl concentration. For SSB-poly(dT), n = 33 +/- 3 nucleotides/tetramer below 10 mM NaCl and 65 +/- 5 nucleotides/tetramer above 0.20 M NaCl (up to 5 M). Between 10 mM and 0.2 M NaCl, the apparent site size increases continuously with [NaCl]. The extent of quenching of the bound SSB fluorescence by poly(dT) also displays two-state behavior, 51 +/- 3% quenching below 10 mM NaCl and 83 +/- 3% quenching at high [NaCl] (greater than 01.-0.2 M NaCl), which correlates with the observed changes in the occluded site size. On the basis of these observations as well as the data of Krauss et al. (Krauss, G., Sindermann, H., Schomburg, U., and Maass, G. (1981) Biochemistry 20, 5346-5352) and Chrysogelos and Griffith (Chrysogelos, S., and Griffith, J. (1982) Proc. Natl. Acad. Sci. U. S. A. 79,5803-5807) we propose a model in which E. coli SSB binds to single stranded nucleic acids in two binding modes, a low salt mode (n = 33 +/- 3), referred to as (SSB)33, in which the nucleic acid interacts with only two protomers of the tetramer, and one at higher [NaCl], n = 65 +/- 5, (SSB)65, in which the nucleic acid interacts with all 4 protomers of the tetramer. At intermediate NaCl concentrations a mixture of these two binding modes exists which explains the variable site sizes and other apparent discrepancies previously reported for SSB binding. The transition between the two binding modes is reversible, although the kinetics are slow, and it is modulated by NaCl concentrations within the physiological range. We suggest that SSB may utilize both binding modes in its range of functions (replication, recombination, repair) and that in vivo changes in the ionic media may play a role in regulating some of these processes.